Introduction
The study of a high-speed deformation of structural materials is very important due to wide opportunities of its application in engineering. It should be accounted for in the assessment of the dynamic strength of structures under impact and shock loads either under technological operating conditions, or in emergency or critical situations. Detailed analysis of the high-speed deformation is also required in the derivation of processing parameters for formation and strengthening of structural elements with highly intensive energy sources. One of the distinctive features of these processes is dynamic properties of materials [1] , which primarily concern theoretical foundations of materials science and, in particular, the study of the phenomenon of formation of dissipative structures under impact supply of deformation energy [2] .
Although in general case the problem involves complicated, geometrically and physically nonlinear mechanical models [3] , many important relations and effects that precede irreversible deformations can be observed and studied using linear models of elasticity [4] . This paper considers corresponding elastic problem for a plate with boundary conditions, which differ from traditional ones: instead of shear stress, corresponding components of displacement vector are equal to zero at surfaces, which are loaded with normal tension. This change in boundary conditions allowed agreeing the mathematical formulation of the problem with the experimental conditions during studies of the dynamic response of rectangular samples to impact loading [2] and to avoid traditional mathematical difficulties that arise while considering two-dimensional elastic problems for a rectangular domain [5] .
Problem formulation and solution strategy
Consider a rectangular plate of a size 22 hl  at x 1 and y 1 , respectively ( Fig. 1) . At the time 0 t  the plate is loaded with a normal tension   pt applied to its fixed edges 1 xl  . Boundaries 1 yh  are traction-free during the entire deformation process. The following dimensionless variables and constants are introduced:
where c 1 and c 2 are the phase velocities of longitudinal and transverse waves for considered material of the plate, λ and  are elastic moduli (Lame constants).
Fig. 1 Sketch of the problem
In terms of these variables, assuming that before the time 0 t  the plate was at rest, the problem has the following mathematical formulation:
  
0, 0, 0 
are the components of stress and strain tensors, respectively. From the conditions (4), accounting for:
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The Laplace integral transform for a time variable [6] and a finite Fourier cosine transform for a spatial variable x [7] can be applied to Eq. (1). Accounting for symmetry of the problem, zero initial conditions (3), relations (7) and conditions (4), Eq. (1) writes as: 
where         
Accounting for Eqs. (10)- (12), from Eq. (13) one 
where 
Inverse Laplace transform is obtained using the partial fraction expansions theorem [6, 8] . For this purpose one should first consider the first expression in Eq. (15) and solve it for singular points of the denominator. It is obvious that the roots of the equation 
For the first interval, the characteristic equation preserves its form (16) and has finite number of the roots To obtain the inverse of Eq. (15) using the partial fraction expansions theorem, one should evaluate the derivative of the denominator [6, 8] . To apply this, consider a derivative of the expression for   2   22  2  2 0  1  1 0  2  2  1  12   2  2 2  2  3  2 0  1  1 0  2  3  1  13   2  ,  ,   22 ,, , 
Eq. (23) expresses exact closed-form solution of the transient dynamic problem of elasticity for a rectangular plate under arbitrarily time-dependent external load.
The components of strain and stress tensors are evaluated by applying strain-displacement and stress-strain relations (6) to the obtained displacement components (23). Also it can be shown that all series in the solution (23) converges uniformly, therefore differentiation operators used in derivation of stress and strain tensors can be applied directly under the sum sign. Particularly, to evaluate stresses at the arbitrary point of the plate based on Eqs. (6) and (23) one obtains the following formulae
where
is a loading rate, * p is a dimensional parameter (Pa). This relation allows agreeing initial and boundary conditions, and also it allows accurate approximation of the real dependence of dynamic load on time in many practically important cases (Fig. 2) . Besides, one can see that maximal magnitude of the longitudinal stress is much higher than corresponding of transverse and shear stresses. In this context, one can arise a question about the difference between the obtained distributions of longitudinal stress and the corresponding one, which is obtained by neglecting the change of elastic field parameters in the y direction (one-dimensional model).
In the case of the one-dimensional model, based on relations (28), the longitudinal stress in the plate are defined by the following formula: One can see in Fig. 6 that the error of calculations obtained based on the one-dimensional model does not exceed 10-15% comparing to the two-dimensional one. Accounting for the abovementioned results for shear and transverse stresses, this allows using a simple onedimensional model in the applied engineering analysis. 
Conclusions
Using the Laplace transform for the time variable this paper solves the transient dynamic problem of elasticity for a rectangular plate in the form of double trigonometric series. The solution, which models the high-speed elastic deformation of materials, is obtained with the assumption that the surfaces, which are loaded with normal tension, are constrained such that during the transient deformation tangential stresses are equal to zero at these surfaces. This assumption allowed bypassing traditional mathematical problem, which is raised in the study of transient dynamic problems for finite two-dimensional domains, and allowed further application of Fourier integral transform for the spatial variable.
Based on the obtained analytic solution the numerical analysis of the transient stress dependence on the loading rate is held for a rectangular plate made of the aluminum alloy 2024-T3. It is observed that the increase in the loading rate essentially increases the magnitude of vibrations, and only slightly influence their frequency. Vibrations have harmonic behavior, since the mathematical model used does not consider damping.
Based on the comparative analysis of the obtained solution with the corresponding solution of the onedimensional problem it is shown that for the considered load and boundary conditions the difference between the results of both approaches is insignificant, therefore, one can use a simpler one-dimensional model in the applied engineering analysis.
